The Debye-Waller factors of the ions in equimolar KClKBr solid solution at 300 K have been determined from X-ray diffraction data. It was observed that the amplitudes of thermal vibration are slightly higher in the solid solution than in the pure components. The corresponding vibrational excess entropy was found to be about 10% of the entropy of ideal mixing.
In solid solutions, the differences in the sizes of the component atoms give rise to small random displacements from the sites of the average lattice. One effect which arises from these static displacements is that the intensities of the X-ray reflexions are reduced by an exponential factor, which is similar to the Debye-Waller (D-W) factor produced by the thermal displacements. In addition to the existence of the size effects, the vibrational states of the constituent atoms may change in the solid solution formation as a result of new interatomic interactions. If these changes occur, the entropy of the solid solution will deviate from that of ideal mixing. Since it is well known for metallic alloys that the vibrational contribution is crucial in accounting for deviations from the entropy of ideal mixing 2 , the question arises of whether this contribution is also of importance in alkali halide solid solutions. In the present work, the vibrational excess entropy of equimolar KCl -KBr solid solution was determined from X-ray diffraction data. The data of diffuse X-ray scattering indicate 3 that no departures from random distribution appear in this system.
The component salts utilized in preparation of the solid solution were of quality "supra pure", supplied by E. M e r c k A. G. (Darmstadt, Germany). The mixture, consisting of 50 mole per cent of both components, was melted in an evacuated quartz ampulla at 800 °C. The solid solution was annealed at 600 °C for 2 h for homogenization, and subsequently ground in a ball-mill at room temperature until the average particle size was about 4 /^m.
The integrated intensities of the Bragg reflexions from three samples, which were prepared in a mould under uniaxial pressure, were measured on the same relative scale using monochromatized CuKa radiation. The experimental procedure was essentially similar to that described by INKINEN et al. 4 . After the measured intensities had been corrected for preferred orientation 5 and for thermal diffuse scattering 6 , they were converted to the experimental structure factors, Fexp • The theoretical structure factors, Ftheor» were calculated from relativistic Hartree-Fock free-ion form factors 7 The latter value is comparable to the difference ABc\> Br mentioned above. The results obtained have thus indicated that the amplitudes of thermal vibration are slightly higher in the actual solid solution than in the ideal one, which implies slightly looser binding and higher vibrational entropy in the former. The entropy AS of the solid solution is composed of the entropy of ideal mixing and of additional contributions, the number of which will depend upon the physical properties of the system under consideration. For metals, additional entropy terms attributable to differences in electronegativity and valence contribute 1 to AS, but may be ignored for alkali halide solid solu- We wish to thank Dr. J. HIETALA for valuable discussions. This work has been financially supported by the National Research Council for Sciences, Finland.
